We studied the expression of mouse HES-6, a new member of the Hairy/Enhancer of split family of basic helix-loop-helix transcription factors. HES-6 is expressed in all neurogenic placodes and their derivatives and in the brain, where it is patterned along both the anteroposterior and dorsoventral axes. HES-6 is also expressed in the trunk, in the dorsal root ganglia and in the myotomes. In the limb buds HES-6 is expressed in skeletal muscle and presumptive tendons. q
Results
Expression studies of the Hairy/Enhancer of split [H/ E(spl)] family of bHLH transcription factors (for review see Fisher and Caudy (1998) ) have led to the discovery and better understanding of several remarkable developmental processes, such as the periodic expression of genes in space (Ingham et al., 1985) and time (Palmeirim et al., 1997) . It is therefore of considerable interest to identify and characterize new members of this family. We searched the GenBank EST database for sequences similar to chick hairy1 and identi®ed mouse and human clones encoding two closely related new members of the H/E(spl) family of genes. Since the mouse gene is the sixth murine member of this family, and because of the high sequence identity between the two genes, we named them mouse and human HES-6, respectively.
Sequence analysis of the cDNAs predicts proteins of 224 (mouse) and 222 (human) amino acids. Both contain basic helix-loop-helix domains with a proline residue in the 6th position of the basic region. They also contain the orange and carboxy-terminal WRPW domains. These are unique features of the H/E(spl) family of bHLH transcription factors (Atchley and Fitch, 1997) . The mouse and human HES-6 protein sequences are 85% identical and the corresponding bHLH and orange domains are 92 and 98% identical, respectively. All of the differences within the bHLH domain are contained in the loop portion of the domain. Phylogenetic tree analyses of bHLH ( Fig. 1 ) and orange (data not shown) domains suggest that while HES-6 genes belong to the H/ E(spl) family, they are not particularly closely related to any other member of this family described so far.
We studied the expression of mHES-6 in 8.5-through 13.5-day-old mouse embryos, using whole-mount in situ hybridization. No expression was detected in E8.5 embryos. In E9.5 and E10.5 embryos, mHES-6 is most prominently expressed in all neurogenic placodes (Fig.  2A±K ,O) ± the olfactory, trigeminal, otic (otic vesicle) and the three epibranchial placodes (geniculate, petrosal and nodose). In the otic vesicle expression is restricted to the anterior-ventral region, which contributes neurons to the vestibulo-acoustic ganglion (VIII). Expression was not detected in the lens placode, which does not give rise to neuronal cells.
Expression was also detected in mesenchymal cells adjacent to each placode (Fig. 2A±I) , with the exception of the nasal placode. These may represent cells migrating from the placode to the corresponding ganglion (Noden, 1993; Hatini et al., 1999) , because the staining often spans the gap between the two. Consistent with this, mHES-6 expression was also detected in sensory placode-derived ganglia: trigeminal (V), facio-vestibulo-acoustic complex (VII±VIII), petrosal (IX) and nodose (X). By E11.5, expression in the cranial placodes is no longer detectable, while expression appears in the mesenchyme within the branchial arches (Fig. 2D ).
In the brain (Fig. 2L±Q ), we ®rst detect expression of mHES-6 at E9.5. At E10.5 and E11.5, the expression domains (00)00443-3 www.elsevier.com/locate/modo become stronger and more distinct, and patterned along the dorsoventral and anteroposterior axes of the brain. For example, in the hindbrain, adjacent rhombomeres express mHES-6 in stripes at different dorsoventral levels (Fig. 2L,M) . The strongest expression is detected in the ventral hindbrain with a sharp anterior boundary at the isthmus. The isthmic region shows a gap in expression that gradually becomes smaller between E9.5 and E11.5 ( Fig. 2N ,P,Q). Anterior to the isthmus, expression continues to the thalamic region, with decreased intensity (Fig. 2N,P,Q) . Since the expression of mHES-6 appears to be punctate in most regions, the differences in level of expression could be due either to different densities of expressing cells or to different levels of expression in individual cells. mHES-6 is also expressed in the dorsal telencephalon and in the optic stalk at E10.5 (Fig.  2J ,K,P,Q) and in the diencephalon at E11.5 (Fig. 2Q) .
mHES-6 is strongly expressed along most of the dorsal neural tube. During E10 and E11 this expression extends caudally throughout the spinal cord (Fig. 3) , while in the head there are regions of lower expression such as in rhombomeres 2±4 (Fig. 2L,M) . While we detect no expression in migrating neural crest or in the autonomic nervous system, mHES-6 is expressed in the dorsal root ganglia (Fig. 3A,B ,D± F). In the spinal cord, ventral and dorsal domains of expression are observed, as well as several dorsoventrally-restricted bands at different levels of the cord (e.g. Fig. 3D ).
Outside the nervous system, mHES-6 is expressed in the myotome (Fig. 3) . In older embryos (E12.5±E13.5) mHES-6 is expressed in at least some of the body wall muscles including the intercostals and the diaphragm (data not shown). In the limb buds, mHES-6 expression also appears to mark muscles and tendons and their precursors (Fig. 4) . In the forelimbs expression is ®rst detected at E10.5 in two domains, dorsal and ventral, in the central area of the limb buds in the mesenchyme underlying the surface ectoderm (Fig. 4A,H) . As the limb buds grow this expression domain elongates (E11.5, Fig. 4B,C,I ) and starts to separate into distinct subdomains (E12.5, Fig. 4D ,E) such that by E13.5 (A,C,D) . mHES-6 is expressed in the hindbrain with a sharp anterior boundary at the isthmic region. The non-expressing isthmic region (bracketed) becomes narrower as the embryo develops from E9.5 to E11.5. Further anteriorly mHES-6 is expressed in the midbrain with an anterior boundary in the diencephalon (arrowheads) which is followed by another non-expressing domain. mHES-6 is also expressed in the dorsal telencepahlon (arrows) and in the optic stalk. e, eye; n, olfactory placode; os, optic stalk; ov, otic vesicle; t, trigeminal placode; 1,2,3, 1st (geniculate), 2nd (petrosal) and 3rd (nodose) epibranchial placodes; V, trigeminal ganglion, VII, facial and VIII, acoustic components of the facio-acoustic ganglion complex; IX, glossopharyngeal ganglion. distinct muscle masses are stained (Fig. 4F,J) . At E12.5 mHES-6 also starts to be expressed in the handplate in what appear to be the forming tendons (Fig. 4 E,G,K) . In the hindlimbs mHES-6 is expressed similarly, but expression is delayed with respect to the forelimbs (Fig. 3A,B) .
Thus during the 9th±13th days of mouse embryonic development, mHES-6 is predominantly expressed in the nervous system and in muscle precursors and muscle cells. This pattern resembles the expression of the neuraland muscle-speci®c bHLH proteins (Lee, 1997; Fode et al., 1998; Ma et al., 1998; Tajbakhsh and Buckingham, 2000 , and references therein).
Methods
Mouse and human HES-6 genes were identi®ed by searching the GenBank EST database for sequences similar .5 HES-6 is expressed in the dorsal-most region and in the ventral half of the spinal cord. By E10.5 (D) mHES-6 is expressed throughout the spinal cord with higher levels of expression in the dorsal-most region and in a band within the ventral half of the neural tube. At this time mHES-6 is also expressed in the dorsal root ganglia and myotomes. Similarly, at E11.5 (E) mHES-6 is expressed in the neural tube, dorsal root ganglia and myotome. (F) Close-up of the inter-limb region of E11.5 embryo (dorsal view, anterior is at the top).
